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[bookmark: _Toc235783521]Objective
[bookmark: _Toc522271446]The objective of this exercise was to apply the Taguchi experimental method to identify the factors that most significantly influenced the range achieved by a catapult. The exercise required the use of an orthogonal array to evaluate multiple variables simultaneously and determine which settings had the greatest effect on performance. The resulting analysis was then used to predict catapult behaviour and validate the findings through further testing. 
The Taguchi method is widely used in engineering to optimise system performance by identifying critical control factors while minimising the number of experiments required. Through the use of structured experimental design, it enables efficient assessment of multiple variables and their influence on the output response [1].
[bookmark: _Toc235783522]Method and Apparatus
The experiment utilised an adjustable catapult designed to launch a ball over a measured distance. Range was selected as the dependent variable, while the independent variables consisted of band front position, band anchor position, stop position, pull back setting and operator. Interaction columns were also included within the Taguchi array to assess potential combined effects between factors. 
Each variable was tested at two levels. The Taguchi L8 orthogonal array was populated using the specified factor settings, resulting in eight experimental conditions. Potential sources of experimental variation included operator technique, rate of fire, bolt tightness, ball placement within the cup and twisting of the elastic band. These factors were considered noise variables and were not directly controlled by the experimental design.
[bookmark: _Toc235783523]Experimental Data
The eight experiments produced the following measured ranges:
	Band front position
	Band Anchor position
	AB Interaction
	Stop Position
	Pull back
	BC Interaction
	Operator
	Variable. Range

	1
	2
	1
	1
	140
	1
	A
	82

	1
	2
	1
	3
	170
	2
	B
	223

	1
	4
	2
	1
	140
	2
	B
	74

	1
	4
	2
	3
	170
	1
	A
	176

	3
	2
	2
	1
	170
	1
	B
	105

	3
	2
	2
	3
	140
	2
	A
	39

	3
	4
	1
	1
	170
	2
	A
	77

	3
	4
	1
	3
	140
	1
	B
	52



The overall average range achieved during the initial experiment was 103.5. The maximum measured range was 223, while the minimum was 39, indicating considerable variation between the different factor combinations. 
Following completion of the initial test programme, average responses were calculated for each factor level. These averages provided the basis for determining which variables had the greatest influence on catapult range.
[bookmark: _Toc235783524]Interpretation of Results
Analysis of the level averages showed that pull back had the largest effect on catapult performance. The average range increased from 61.75 at Level 1 to 145.25 at Level 2, representing a difference of 83.5. This result indicates that increasing the pull back setting significantly increased the energy stored within the catapult and therefore the distance travelled by the projectile. 
The second most influential factor was the band front position. Level 1 produced an average range of 138.75 compared with 68.25 at Level 2, a difference of 70.5. This suggests that the geometry of the elastic band arrangement strongly affected the launch efficiency of the system. 
Stop position also demonstrated a notable influence on performance. Level 2 achieved an average range of 122.5 compared with 84.5 at Level 1, indicating that release angle played an important role in determining the flight characteristics of the projectile. 
Band anchor position and operator effects were less significant. While measurable differences were observed, they were substantially smaller than those associated with pull back and band front position. Furthermore, the BC interaction column exhibited almost no variation between levels, suggesting that this interaction had little influence on the overall system response. 
Based on the response analysis, stop position and pull back were selected for further investigation within a refinement exercise. Four test configurations were examined, with three firings conducted for each configuration. The results demonstrated a clear trend:
	 
	Stop Position
	Pull Back
	 
	1
	2
	3
	Ave
	 
	 

	Firing 1
	1
	140
	range
	98
	91
	89
	92.66667
	KF 1 :1
	KF2 :1

	Firng 2
	3
	140
	range
	97
	91
	84
	90.66667
	117.1667
	32.1667

	Firing 3
	1
	170
	range
	120
	118
	119
	119
	KF 1 :2
	KF2 :2

	Firng 4 
	3
	170
	range
	261
	280
	267
	269.3333
	65.5
	150.5

	
	
	
	
	
	
	
	
	mid each factor

	
	
	
	
	
	
	
	
	91.33335
	91.33335

	
	
	
	
	
	
	
	
	mid combined

	
	
	
	
	
	
	
	
	91.33335



The results confirmed that the combination of stop position 3 and pull back 170 produced the greatest average range. The substantial increase observed when the pull back setting was increased supports the conclusion that stored elastic energy was the dominant contributor to catapult performance. 
A final midpoint assessment was conducted using intermediate settings. The achieved range was recorded as 92. While this did not produce the maximum range, it demonstrated the ability of the Taguchi approach to provide insight into performance trends between the tested factor levels.
[bookmark: _Toc235783525]Conclusion
The experimental results demonstrate that the Taguchi method successfully identified the factors with the greatest influence on catapult range. Analysis of the orthogonal array indicated that pull back was the most significant control variable, followed by band front position and stop position. These factors produced the largest changes in average range and therefore had the greatest impact on system performance. 
The refinement exercise validated these findings by showing that the combination of stop position 3 and pull back 170 achieved the highest average range of 269.3. This result confirms that increasing the stored elastic energy and optimising the release geometry significantly improved launch performance. 
Overall, the exercise demonstrated that the Taguchi method provides an efficient means of identifying critical parameters within an engineering system. By using only a limited number of experiments, it was possible to determine the key drivers of performance and establish an evidence-based understanding of the catapult's behaviour.
[bookmark: _Toc235783526]Reflection
 The analysis suggests that the experimental approach was effective in distinguishing between influential and non-influential variables. However, the results were subject to several noise factors, including operator technique, band twisting and variations in how the projectile was positioned prior to launch. These sources of variability may account for some of the spread observed within the dataset. 
Future experimentation could improve confidence in the results through a larger sample size, tighter control of environmental variables and the use of automated release mechanisms to minimise operator effects. Despite these limitations, the results provide a clear demonstration of the value of Taguchi methods in supporting rapid engineering optimisation and decision making.
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